Clostridium difficile toxins A and B: Receptors, pores, and translocation into cells.
The most potent toxins secreted by pathogenic bacteria contain enzymatic moieties that must reach the cytosol of target cells to exert their full toxicity. Toxins such as anthrax, diphtheria, and botulinum toxin all use three well-defined functional domains to intoxicate cells: a receptor-binding moiety that triggers endocytosis into acidified vesicles by binding to a specific host-cell receptor, a translocation domain that forms pores across the endosomal membrane in response to acidic pH, and an enzyme that translocates through these pores to catalytically inactivate an essential host cytosolic substrate. The homologous toxins A (TcdA) and Toxin B (TcdB) secreted by Clostridium difficile are large enzyme-containing toxins that for many years have eluded characterization. The cell-surface receptors for these toxins, the non-classical nature of the pores that they form in membranes, and mechanism of translocation have remained undefined, exacerbated, in part, by the lack of any structural information for the central ∼1000 amino acid translocation domain. Recent advances in the identification of receptors for TcdB, high-resolution structural information for the translocation domain, and a model for the pore have begun to shed light on the mode-of-action of these toxins. Here, we will review TcdA/TcdB uptake and entry into mammalian cells, with focus on receptor binding, endocytosis, pore formation, and translocation. We will highlight how these toxins diverge from classical models of translocating toxins, and offer our perspective on key unanswered questions for TcdA/TcdB binding and entry into mammalian cells.